Introduction
Circulating serum autoantibodies to human pancreas in children with cystic fibrosis (C.F.) have been reported by Murray and Thal (1960) , and local autoantibodies to lungs from C.F. patients at necropsy have been shown in their sputum by Stein et al. (1964) . In addition, a variety of serum precipitations have been detected in a high percentage of C.F. patients (Burns and May, 1967; McCarthy et al., 1969) . In our previous study not only were a wide variety of precipitating antibodies detected in the serum of C.F. patients but also they were found in much higher concentrations and numbers in the corresponding sputum (Wallwork et al., 1974) . These observations prompted us to investigate the occurrence of immune complexes in C.F. patients.
Patients and Methods
We investigated sputum, blood, and biopsy and necropsy specimens from well-documented patients with cystic fibrosis. Necropsy specimens were obtained from two girls aged 81 years and 11 years, two boys aged 6 months and 3 years, 10 adults with bronchopneumonia, and one child who died as a result of a road accident. Biopsy material was obtained from a 6-month-Haemophilus influenza; 16, Klebsiella pneumoniae; 17, Streptococcus pneumoniae type 1; 18, Dermatophagoides farinae; and human serum.
Immunofluorescence.-The immunofluorescence technique for showing antigen antibody complexes was modified from the method of Allison et al. (1969) . Cryostat sections 6 [m thick were fixed in air, and after washing for two hours in phosphate buffered saline pH 7-2 to remove any immunoglobulins other than those bound in immune complexes they were stained for 30 minutes with either fluorescein isothiocyanate (FITC) protein conjugate alone or in double staining with rhodamine RB 200 protein conjugate.
The following FITC conjugates were used: monospecific antihuman IgG, IgA, IgM, IgE, Clq, C3, and C4. The RB 200-labelled antihuman sera were IgG, IgE, and IgM.
Blocking experiments and specificity staining were carried out with FITC-labelled sheep anti-rabbit immunoglobulins and sheep antihuman immunoglobulins.
The fluorescence-labelled antisera and other antisera were obtained from the Wellcome Laboratories, Beckenham, Kent; Behringwerke Ag, Marburg, Lahn; Meloy Laboratories, Virginia, U.S.A.; and Cappel Laboratories, Dowingtown, Pennsylvania, U.S.A. The fluorescence-stained sections were examined with a Leitz Orthoplan microscope equipped with incident fluorescent light provided by an HBO-200 W/4 super pressure mercury lamp source. The intensity of the fluorescence staining was graded as follows: negative (-), those cryostat sections without any visible fluroescence; minimal (+) those sections with pale and sparse areas of fluorescence; moderate (+ +), sections with brighter and more regular staining; intense (-+ +), those in which most areas of the sections were brightly fluorescent; and very intense (+ + + +), when the entire section under the objective field was extensively fluorescing. In all specimens at least three sections were stained and examined with each antiserum and each stained slide was assessed for fluorescence by two independent observers.
Immunoglobulin quantitation was by the method of Mancini et al. (1965) . IgE quantitation was by the radioimmunoassay method of Johansson et al. (1968) .
Immunoelectrophoresis was performed by the method of Grabar and Burtin (1964) , and the precipitins in sputum were identified by counter immunoelectrophoresis.
Autoradiography.-Sputum sol phase from C.F. patients and from controls was allowed to react from the centre wells in 1.500 agar gel in phosphate buffered saline pH 7-2 against antihuman monospecific and polyvalent IgG, IgA, or IgM and against polyvalent anti-whole human serum placed in the peripheral wells. The control wells in the agar plate contained saline, staphylococcal x-haemolysin, and normal sheep serum since the various anti-human sera used in this experiment were raised in sheep. 
Results
The immunofluorescence staining of the biopsy specimen from BRITISH MEDICAL JOURNAL 22 FEBRUARY 1975 the gut of a 6-month-old child (case 1) with C. Sequential Estimation of Precipitins.-Sequential estimation of a wide variety of precipitins in the sputum showed that the largest number and highest titre of precipitins coincided with the period when the sputum contained the highest protein concentration. Furthermore, with treatment of the patients and regression of their disease, the number and titre of the precipitins seemed to decrease. This is shown for one patient in fig. 9 . When last seen he had improved considerably, and the last sputum specimen showed positive precipitin against the only two antigens. Elution of Immune Complexes.-The euglobulin fraction isolated with low ionic strength solutions from the sputum of patients with C.F. contained positive precipitin reactions against anti-IgG, IgM, IgA, C3, and C4. In addition, double inimunodiffusion in agar gel of the eluted samples from homogenized necropsy specimens of the lungs and pancreas of two patients (cases 2 and 3) and one control against various antisera to human proteins showed that the lungs of both patients contained about 100-200 mg of IgG complex per g of wet weight of lung. About 30 mg of C3 was eluted from the lung of one C.F. patient (case 3). No immune complexes could be eluted from C.F. pancreas nor from one of the control lungs tested.
Complement Components.-Fresh plasma from three patients with C.F. gave three distinct immunoelectrophoretic precipitin peaks against monospecific human anti-C3 serum, indicating altered C3 and in-vivo complement utilization. Altogether 45%01 of the 40 patients -with C.F. and 15% of the normal controls had total serum levels of C3 less than 0'70 g/l (normal range of C3 0-70-1-60 g/l). Of the C.F. patients 5% had C4 serum values less than 0-13 g/l (normal range 0-13-0-50 g/l).
Discussion
Immunofluorescence staining of cryostat sections after extensive washing to remove non-immune complexing immunoglobulins showed widespread deposits of immune complexes, especially in the respiratory and gastrointestinal tracts, but not in the kidneys from four C.F. children at necropsy and from one gut biopsy specimen of a child with C.F. It was interesting that this child also had greatly reduced serum concentrations of C3 and C4 as well as cows' milk antibodies in his serum. The strongest immunofluorescence staining was obtained with antisera to IgG, IgM, Clq, C3, and C4 though the other immunoglobulin conjugates also gave significant immunofluorescence staining of the different organs investigated. For instance, the cryostat sections of the trachea of one patient contained extensive membranous immunofluorescence to antiIgA, IgM, IgE, Clq, C3, and C4 as well as to IgG. Soothill (1967) observed that the normal levels of complement in the serum of some patients with nephritis was quite compatible with a qualitative abnormality of C3 in the patients' serum.
Autoradiographic and immunoabsorption studies showed that B.S.A. and staphylococcal antigens had made complexes with the immune complexes formed in agar gel, though the counterimmunoelectrophoretic investigations as well as the skinhypersensitivity tests showed that several other antigens-some cross-reacting with human tissues-were also involved in the formation of immune complexes in C.F.
Analytical ultracentrifugation studies showed that the immune complexes had sedimentation coefficient between 8S and 1iS. Pepys (1971) postulated that antigen-antibody complexes may be formed in the lungs on exposure to the antigen and that these complexes induce the disease process. Also, Kilburn (1973) stated that immune complexes, specifically those of anaphylaxis as well as the lipopolysaccharides of endotoxins from virus and gram-negative bacteria, produce pulmonary oedema in rabbits and man. Fluorescent anti-rabbit IgG and fluorescent anti-rat C3 stain alveolar septa and glomeruli in a linear membrane-like pattern, suggesting localization of IgG on either basement membrane or endothelial cells of alveolar capillaries and on basement membrane of glomerular capillaries in rat models of Goodpastures' syndrome (Mercola and Hagadorn, 1973 (Gulchard et al., 1974) . These electron-dense deposits of immune complexes in C.F. patients may be similar to those usually described in patients with nephritis with immune complex deposits.
Hypersensitivity to fungi was present in over 80% of C.F. sputum cultures, and there was also eosinophilia in 34% and high serum IgE concentrations in 23% of C.F. patients (Craceo et al., 1974) . In the present study the serum IgE levels were raised above 700 ,ug/l in 27% of the patients with C.F. Furthermore, immediate type I hypersensitivity skin reactions were found to a wide variety of antigens and common allergens including house dust mite, Aspergillus fumigatus, mixed moulds, cereals, mixed pollen, dog hair, egg yolk, feathers, penicillin, and dry rot. The significance of this hypersensitivity state with raised serum IgE in some patients with C.F. is not clear, but it seems similar to the condition in those patients with a congenital imbalance in their ability to secrete immunoglobulins, such that their serum contains raised IgE but not IgA, and an unusually high incidence of respiratory tract diseases. S IgA antibody molecules, which are the most abundant immunoglobulins in both respiratory and gastrointestinal secretions, cannot interact with the antigens and allergens attached to the mucosal surfaces. These circumstances may cause mast cells to react with IgE in a type I reaction that could contribute to the mortality in those C.F. patients who have developed an infection to which the patient is allergic.
Our finding of higher titres of sputum than of serum precipitins in C.F. patients was similar to observations in two patients with extrinsic allergic alveolitis caused by hypersensitivity to chickens. Thus, Warren and Tse (1974) suggested that besides offering a better diagnostic aid the sputum precipitins may be pathologically more important than the serum precipitins.
Finally, it seems that the variety of precipitins in the serum, and particularly in the sputum of C.F. patients, are related to the immune-complex deposits in the respiratory and gastrointestinal tracts-excess antigen or antibody in the circulation enhancing the formation of immune complexes. In addition, cross-reactivity of these antibodies with host tissue basement membranes seems to be a possibility in the pathogenesis of C.F. The decrease of antigen absorption from the gut by dietary control or decrease of antibody production by immunosuppressive agents could probably be important factors in the management of patients with cystic fibrosis.
